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Appendix—Data on individual debris flows
= - = A = Identification numbers and travel distance are from Arcinfo. There are gaps in the sequence of identification numbers, but the total number of debris flows is 531.
D e b r I S F I OWS Tr I g g e re d by th e E I N I n O R al n Sto rm Of Fe b ru ary 2 _3 y 19 98 y Geologic materials units are from a digital version (Wentworth, 1997) of Ellen and Wentworth (1995).
- = = om - - Gradient and upslope contributing area are from SINMAP (Tarboton, 1997). A negative number in the upslope contributing area column indicates that the contributing area extends beyond the study area boundary.
Wal pert Rldge and VI CI n Ity, AI ameda County, Cal IfOrn | a. Appendix—M ap showing identification numbersfor individual debrisflows. U Total curvature is from SHALSTAB (Montgomery and Dietrich, 1998)
.3 y See map at left for debris-flow identification numbers and text for further explanation of column headings.
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321 Identification Geologic ~ Gradient Total Contributing Horizontal Identification Geologic ~ Gradient Total Contributing Horizontal ldentification ~Geologic ~ Gradient Total Contributing Horizontal Identification Geologic ~ Gradient Total Contributing Horizontal
2001 number materials (degrees) curvature  upslope drainage travel number materials (degrees) curvature  upslope drainage travel number materials (degrees) curvature  upslope drainage travel number materials (degrees) curvature  upslope drainage travel
4, : Debris-flow soil slip, flow path, and deposit. unit (L/m) area (m?) distance (m) unit (L/m) area (m? distance (m) unit (1/m) area (m?) distance (m) unit (1/m) area (m?) distance (m)
Table 1. Data on debris-flow concentration. See figure 3 for areal extent of concentrations. Table 3. Descriptions of geologic materials unitsin the study area (summarized from Ellen and Wentworth, 1995). »15 7 Number identifies denris flow In appendix ; gjj gig gggg gggg iig gg gj,j i;é 8822 125?; 1232 gi; gjj g;g gggg ;gég 1(2)3411 gg; igg ggg gggj 2411513883 igg
Debris-flow Maparea |Percent of total | Cumulativemap | Cumulative percent Geologic materials | Geologic unit, age, and summary Properties of soil mantle Geologic materials | Geologic unit, age, and summary Properties of soil mantle »16 /11 . Landslide, seetext for further explanation 2 gii gzg gggg 22?2 gig - EL5 24 2l S5 — 2L i L0 L, cbaiy 919 383 133 306 ‘0.o1e 6907 4L0
concentration (km?) map area areawith debris-  [of total map area unit number description unit number description 23 122°00'00" : . . . 90 644 30.4 0.001 466.1 57.6 214 644 21.0 0.015 3185 35.0 384 215 35.2 0.002 485.3 76.3
> ) ) - - - 17 5 644 24.1 0.000 160.4 88.3 g g 385 215 24.0 -0.001 403.1 554
(number/0.25 km?) flow concentrations |with debris-flow 133 Orinda Formation. Tertiary. Interbedded Probably mostly clayey, some granular. 53 Tice Shale of the Monterey Group. Tertiary. Probably mostly clayey, some to much e 020 7 644 285 0,011 786.3 517 o i 114 e o — o s e e . 336 133 374 0034 3414 316
eater th trati conglomerate, sandstone, and mudstone that | Probably most mantle has low to very low ; i ] 21 _l“ 37°40'00" ' ' ’ ' 92 644 265 0.003 692.0 454 216 644 252 0.035 328.2 19.3 : : : :
greater than or concentrations ¢ 0 ! Consists of both hard siliceous shale and granular (silty). Probably most mantle has +18 1 644 271 0.006 908.1 58.6 387 133 246 -0.025 4358 475
equal tothevalue [greater than or gradesto siltstone. Intergranular permesbility, with some moderate. mudstone that grades to clayey very fine- low to very low permeability, some to much / _19 ’\I Study area boundary d : : : 93 644 11.2 0.000 2146 15.0 217 644 252 -0.044 625.2 332 . . . :
in column 1 (km?) |equal to the value permeability of most bedrock islow to very | Probably much to most mantle is severely sined sendston. in Varible broportions. moderate. Some to much mantle is severd 22 15 644 24.1 -0.014 3153 74.6 95 644 19.4 -0.025 2835 16.4 218 644 285 0.006 168.6 44.4 388 133 331 -0.004 2258 401
ol 1 low, but minor moderate in shallow rock and | expansive. g ! : propor 1e. y .25 18 16 644 21.7 -0.028 150.0 345 9 644 35.0 -0.003 264.8 66.9 220 644 19.6 -0.010 4915 56.8 389 133 283 -0.002 285.6 39.1
n coumn some moderate below shallow rock. Local Very low intergranular permesbility in dl expansive. ‘24 17 644 198 0005 28546 165 97 644 137 0006 4578 52.7 221 644 271 0002 5867 395 390 133 234 0003 7394 288.8
0 55.6 61 91.3 100 fracture permeability. unit except some clayey sand.st.one, which 18 644 9.6 -0.007 3045.2 20.4 98 644 20.8 -0.025 659.8 149.8 222 644 20.1 0.021 670.8 39.3 391 133 41.7 -0.036 350.3 173.0
1 28.6 31 357 39 15 LeonaRhyolite. Tertiary (?). Hardtofirm, |Mostly granular, some to much clayey. has very low to low permeability. Someto 19 644 18.4 0017 6506 66.1 99 644 249 0007 6543 37.2 223 644 21.0 0006 5347 28.6 392 215 38.6 0001 3208 168.2
5 6.0 7 7.1 8 variably fractured rhyolite. Bedrock has Most mantle probably has moderate amost all shallow bedrock haslow to 20 644 8.9 0.014 570.6 313 101 644 21.6 0.001 706.8 304 224 644 19.3 -0.001 657.4 253 393 215 45.1 -0.005 2417 160.4
10 0.2 0.2 11 1 very low intergranular permesbility, low to | permeability, some to much low to very low moderate fracture permeability. 21 644 10.1 0.045 616.3 336 102 644 26.3 0.007 1043.7 0.4 225 644 18.0 0.005 576.6 33.4 394 133 26.7 0.011 852.3 253
15 04 04 0.9 1 possibly moderate fracture permeability to | permeability. Most mantleis stony silt; 616 Conglomerate. Cretaceous and (or) Jurassic. Mostly granular. Typical soil consists of 26 - 550 22 644 9.7 0.021 564.0 38.2 103 644 112 -0.009 25037 273 226 644 2738 0.009 259.5 715 395 215 371 -0.001 394.3 383
20 0.2 0.2 0.5 0.5 depth. someis stony clay, someis expansive. Soil Probably much conglomerate, much sand, silt, and pebbles; some is clayey sand / 74 23 644 24.0 -0.010 418.6 50.2 104 644 18.7 -0.009 11189 17.8 227 644 23.7 -0.016 359.9 46.1 396 215 32.7 0.005 100.0 35.9
25 0.2 0.2 0.3 0.3 : : is generally absent or lessthan 18 in. thick sandstone, minor shale. Intergranular or sandy clay. Most mantle moderately 24 644 131 -0.020 528.2 355 105 644 20.1 0001  1179.0 16.5 228 644 28.9 0.004 312.6 421 397 215 385 0.004 115.8 29.7
30 0.1 0.1 01 01 355 B”gnes Sandstone. hT%rt' argl. dL?fge'y Mostly granular, Eoe?e cl aﬁ{ UnlLQdaS a permesbility of bedrock low to very low permeable. Most mantle unexpansive to <50 s 25 644 16.7 -0015  4979.2 1738 106 644 29.0 -0.004 937.0 34.9 229 644 216 0.006 100.0 44.2 398 215 39.8 -0.005 682.0 311
irnn;?gg 'ai%n;?(;ss th 22 re(;fsc;goci ated ;2:(? St;ﬁ ul\r/II%r;c man;[lc:err?és n):o%rgfate where fresh, mostly low where weathered. significantly expansive. 26 644 23.9 0.022 1065.9 1235 107 644 26.7 -0.006 1054.4 36.4 230 644 24.0 -0.007 255.9 37.3 399 215 44.1 0.006 117194 74.5
. op D y Soil. ity i -51 27 635 20.1 0.000 1495.7 167.4 108 644 18.8 -0.007 203.1 31.7 231 644 21.8 0.073 619.6 33.1 400 215 39.9 0.011 401.7 93.0
with shell breccias; someisdirty and clayey | permeability, some low to very low Low fracture permeaplllty m Sh"’_‘HOW rock. 3,5 28 635 189 0.037 263.2 518 401 215 47 0008 36161 424
and grades to fine sandy mudstone; and most | permeability. Probably most mantleis 635 Lower part of Knoxville Formation, and part Granular to clayey, probably much of each. 57, '.56 5 % pose 32'8 0-001 573.8 37-3 109 644 25.2 0.001 894.0 84.2 232 644 8.2 0.030 186.9 43.0 107 o 44.6 0.003 716.0 47.9
is uncemented, firm weathered sandstone. significantly expansive, some severely of unnamed shale unit. Cretaceous and (or) Mildly to very mildly cracked sandy clay, ,49 55 20 o 23-7 0-011 427-9 96.1 110 644 318 0.035 386.8 39.3 233 644 12.7 -0.019 197.4 25.8 5 ] : :
Table 2. Information on documented debris-flow occurrences. Most of t_he unit has low intergrar)ular expansive, some to much unexpansive. Jurassic. Mostly sandstone similar to loam, and probably sandy soils. Probably 58 _* 60 " posd 22'6 :0.018 462.8 46.1 111 644 36.1 0.024 844.8 29.4 234 644 224 0.022 185.9 23.0 j‘;gi ig ggg 888(1) ggggg ggg
' permeabilty, very low where calcite Franciscan sandstone, some to much much mantle has moderate permeability, 59 61 3 644 23'8 0'005 5 49'3 58.2 b 644 9.1 0.008 7622 26.7 235 644 186 -0.014 260.4 87.1 405 215 p 4'5 -O. 002 ’ 69 1' 3 8 4' 1
L ocation Estimated Time of Sour ce(s) of Comments cemented. Moderate permeability with mudstone and shale, minor conglomerate. much low to very low. Most mantle 48 * ’ ' ' ' 113 644 214 0.010 1560.1 26.3 236 644 826 -0.036 681.9 %6.9 : e : '
Occurrence Information fractures in shallow rock. Intergranular permesbility is low to very sigrificantly expensive - 683 67 33 644 22.0 0020 11604 398 114 644 21.8 -0.023 1613.0 39.9 237 644 24.9 0.024 7236 416 406 133 51.8 0.021 535.2 333
Faircliff St., Hayward | February 3. 30832 Faircliff, and houses on the east side of Faircliff St. Possible mostly firm sandstone, but includes some Most mantle has moderate permeability, has low to locally moderate fracture 38 64 65 , 73 35 644 20.2 0.014 921.8 34.0 116 644 28.6 -0.002 19125 1393 239 644 365 -0.012 699.5 1283 408 133 333 -0.004 544.5 376
Jose Garcia, owner of | flooding and/or blockage of v-ditch may have calcite-cemented bioclastic sandstone, some | some low to very low. Most mantle cabilit 27 3 36 644 237 0.024 427.9 96.5 117 644 20.1 -0.008 1266.8 61.6 240 644 37.2 0.005 1597.2 80.7 409 133 384 -0.001 706.6 314
30956 Faircliff. been a contributing factor in triggering some of conglomerate, and some clayey rock. unexpansive, some expansive. permeabiiity. W) 35— = 34 69 72 37 644 18.3 -0.004 2308.3 374 118 644 29.8 -0.011 938.0 51.2 241 644 4.0 -0.024 100.0 38.0 410 133 39.9 0.010 439.6 44.9
the flows. Flows are shown in figure 8. Bedrock probably has mostly low 644 Great Valley sequence, sandstone and shale Probably mostly clayey, some to much e 30, 29 36 *20 - 38 644 19.7 -0.005 15321 140.4 119 644 30.6 0.007 972.6 140.2 242 644 WE -0.026 458.7 55.9 411 133 454 -0.004 8715 82.6
According to Rex Tolle, debris flows did not intergranular permeability, probably some unit. Cretaceous. About two-thirds flysch, granular. Probably most mantle haslow to P / =47 71 42 644 26.3 0.004 563.1 62.3 120 644 %.6 0.002 956.1 46.0 243 644 245 0013 536.3 93.6 412 508 45.0 -0.002 914.8 39.5
occur at this location in 1995. According to moderate and very low. Cemented and one-third dominant sandstone in beds as very low permeability, some moderate. 31 32 43 644 22.6 0.002 688.3 252.2 121 644 30.2 -0.015 9705 24.8 244 644 39.9 0.002 673.6 36.8 413 508 40.1 0.003 708.4 38.1
tJ]OSE _Gatrﬁla gstebgg flows have not occurred clayey rock probably has low fracture thick as 25 ft and intervals as thick as 200 ft Most mantle is unexpansive to significantly e 6 1% 44 644 295 -0.009 3378 305.6 122 644 29.3 0.000 316.5 35.1 245 644 29.4 -0.019 544.2 418 414 508 47.0 0.006 795.4 46.8
— - . cre In e p years. — permesbility in shallow rock. or more. Intergranular permeability of most expansive. 2 43 45 644 22.0 0.022 508.7 2815 123 685 172 0.010 017 M7 246 644 39.9 -0.051 390.0 29.6 415 508 353 -0.005 260.7 97.9
Multiple sites in Niles | Late night of February | Steve Radcliffe, Deposits from some of the flowsin Niles Hambre Sandstone of the Monterey Group. | Probably mostly clayey; some to much K | here fresh wh 548 .
c luding those | 2 and earl f | Caltrans A C sh figure 6. Debris fl 386 i i - oS bedrock very low where fresh; where : 46 644 237 0013 3221 92.1 124 685 20.9 0002 8272 35.4 247 644 336 0007 2898 84.3 416 355 52.8 0003 4893 545
anyon including those | 2 and early morning o trans Area anyon are snown in tigure o. nstiows Tertiary. Sandstone, hard to firm where granular, especially north of Mission Pass. eathered hi h | 47 644 951 0,010 738.4 132.4 417 355 401 0.004 695.9 251
at mile markers 11.92, | February 3. Superintendent, also occurred in January, 1998 (Aratani, 1998) weathered, interbedded with firm clayey Probably most mantle has low to very low WEBLTEVEE, much Tow, much very ‘oW, some y 116 77 ; : : - 125 685 21.9 -0.008 917.3 331 248 644 324 0.012 4519 311 : U - :
12.48, 12.58, 12.60, Alameda County; and in January and March, 1995 (San Jose sandstone to siltstone. North of Mission permesbility: some to much moderate, moderate. Low fracture permeability in = 118 4 48 644 22.9 -0.010 505.1 103.0 126 685 179 0.003 834.6 54.0 249 644 213 -0.002 467.4 88.9 418 355 17.4 -0.001 209.8 241
and 12.68. Akizuki and Mercury News Staff Report, 1995). Deposits Pass (most of study arez), relatively clean | especially north of Mission Pass. Much to much shallow bedrock. TR TEES JL1 7 49 644 199 0001 3134 56.9 127 685 174 0006 9248 37.0 250 644 3.3 0004 4934 39.9 419 355 28.4 0020 5626 156
al r]gl]fel spi ellé 3398; faom 139;95 de_brlfs flow% wserg r?;lffh Iargaler than sandstone and clayey rock are equally most mantle is severely expansive. 685 Upper part of Knoxville Formation, and part Most to aimost all clayey. Uncracked to 2 108, <197 \ 50 644 17.6 -0.004 316.4 56.8 128 685 18.8 0011 11081 30.6 251 616 30.7 -0.002 402.6 112.1 420 355 113 0002 10136 49.9
A Sckrgrani998' San oo E: oorrs1$n y now&;gg)lgure (S.D. Ellen, or abundant; south of Mission Pass, mostly of unnamed shale unit. Cretaceous and (or) minor mildly cracked silty and sandy clay 121\ Q (/7 9 51 644 18.8 -0.004 567.4 339 129 644 18.9 0.017 3241.4 63.9 252 616 33.4 0.000 766.9 429 421 355 24.2 0.001 995.1 255
Mercury News Staff " : clayey rock. North of Mission Pass, shallow Jurassic. Most is shale, mudstone, and soil over uncracked to lesser mildly cracked 113/ 14 s 78 52 644 24.2 -0.015 825.2 325 130 644 23.7 0.007 243.9 258 253 616 217 0.006 601.7 36.8 422 215 306 0.002 201.0 15.0
Report, 1998, bedrock has mostly low intergranular siltstone; minor to some sandstone; minor clayey subsoil. Most to aimost al mantle - N 106, ’ 10?§102 95 480 82, 2431 gﬁ 133 gggg 22?3 623 131 644 139 0.003 4543 122 254 o1 199 0.009 8069 382 féi ig %i? gggj gggj 23(1)
Neighborhood along Late night of February | Laura Wells, owner(?) | Flows are shown in figure 7. Debris flows also Egdmeal?lltyt; abslourt1h Or Mi tsson PTSS limestone. Some to much bedrock is soft to has low to very low permeability. Probably '2122 104 “»101 + 83 55 644 21'6 :0'005 593.8 37.8 132 644 325 0.011 187.6 19.5 255 688 214 0.025 509.3 233 475 215 25' A 0 001 9 13'5 58.2
Canyon Heights Drive | 2 or early morningof | of 38610 Canyon occurred at this location in 1995 (R.C. Wilson, pedrock probably has 1ow 1o very 1ow firm clayey sheared material, remainder much mantle s severely expansive. - 123 109 97, 88 - - : : 133 644 181 0.000 5111 57.9 257 688 24.3 0.007 581.0 214 : : : -
in Fremont, including February 3. Heights Drive. oral commun., 1998). intergranular permeability. hard. Most bedrock has very low 125 129 ) 110 98 g% A 81 =0 h AL — SUL a5 134 644 38.9 0.005 663.7 45.0 258 688 26.0 -0.002 554.2 190 e - LA LA e e
the following addresses: Akizuki, 1998; Bailey 389 Oursan Sandstone of the Monterey Group. | Probably mostly clayey, some granular. intergranular permeability, minor to some 551, \Y124 i g 1‘L34 2a99 o< ) 57 644 19.3 -0009 19230 313 137 644 221 0.011 354.8 65.5 259 688 34.8 -0.002 7723 39.3 421 215 36.2 -0.001 523.2 91.4
840 and 851 Uinta Court, and others, 1998. Tertiary. Mostly clay-saturated, fine Probably most mantle has low, some very low. Most hallow rock has low fracture 1261307 5, 1137 “ 90 84, - 58 644 213 0.008 653.3 76.3 138 644 27.7 0.013 366.3 425 260 688 31.0 0.009 828.0 27.2 428 133 438 -0.001 687.1 35.8
740 Pickering Ave., grained sandstone gradlr!g to s_andy low, and some moderate permegblllty. ' cabilit o 128 7132,,»‘133 1 141 112 LA 85" 59 644 19.8 0.013 805.1 16.3 139 644 18.8 0.007 1768.7 90.2 261 688 25.2 -0.004 946.9 15.7 429 133 29.9 0.007 817.4 232
38600 and 38610 mudstone, unbedded to indistinctly bedded, | Some mantleis severely expansive. permesiity. : 1397 ) 89 60 644 185 0.015 672.4 92.6 140 644 20.2 0.005 1386.2 85.7 262 688 29.9 0.026 587.4 66.0 430 133 28.0 -0.006 3295 36.6
Canyon Heights Drive. mostly unparted. Minor to some hard 688 Seleunit. Cretaceous and (0r) Lrassic. Mostly diayey. Most mantle haslow to : B T N B 209, 61 644 198 0005 7870 131 141 644 287 0053 8159 1122 263 355 28.0 0003 5170 55.4 431 133 305 0009 18449 222
' . . _ ' . calcite-cemented sandstone. In shallow Probably mostly shale and mudstone as very low permeability. Most mantle . NS 143 010” 62 644 213 -0.001 982.6 60.0 142 644 147 0.026 22019 146.3 264 355 8.8 0.002 93745 243 430 133 34.2 20,002 3611 50.5
21780 Eden Canyon February 3, 2-2:30 am | Mickey Estreito and Debris flow initiated on hillslope on north side bedrock, low to very low intergranular described for unit 685. Includes some to expansive, probably much is severely 149" <114 93 63 644 28.3 0.014 4405 72.7 143 644 286 0.030 785.9 505 265 355 281 0007 107894 874 433 133 283 -0.016 4091 36.8
Road. a0 e e e e Dot 51750 o e porivech Ly el Ladle pery by, possibly equally abundant sandstone, and expansive. 1 160 161 . . 202 -203 D4y 64 644 20.1 0023 5730 420 144 685 176 0004 46587 1544 266 355 302 0004 18534 65.7 434 133 3525 0001 10293 203
of 21780 Eden Canyon | and impacted house at 21780 Eden Canyon 508 Claremont Shale of the Monterey Group. Mostly clayey. Most exposures have a lesser but possibly some conglomerate. ‘7’ 164 205 65 644 18'3 -0.026 860.6 39'7 ' I ' ' ' 0. ' ' 435 133 29'2 0.005 321.0 17.0
Road. Road. Tertiary. Mostly hard chert and mildly cracked silty clay soil over chert and Probabl | cheared rock 37°37'30" / 159 162/ 1654/, 180 176 189 193/ L . : . : 145 685 24.4 0.027 339.1 439 261 644 3L5 0.007 680.5 64.3 . . . :
porcelaneous shale repetitvely interbedded | porcelanite. Some to most mantle has low 00Dy SOme Clay€y Sheared roc. . 157 163 166+ 7~ 1884/ 7194 195 121°57'30" i s — i el wLd 146 685 21.0 -0.003 283.3 84.0 268 644 44.9 -0.031 463.6 50.3 436 133 194 0.001 836.4 18.6
with firm shale and mudstone: includes permeability, much to most very low. Most Intergranular permeability of bedrock . 153, 1582 oo 158, ° Q| ,167 1794 9177 - < 197 50, 201 + 67 644 21.0 0.009 565.6 43.0 147 685 21.0 -0.003 1172.6 57.1 269 644 19.8 0010 12010 35.3 437 133 202 0.003 179.7 273
) mantlei o iv mostly very low, minor to some low. Most 122°02'30 2151 4 -155 169 178 16 . o~ ’ 207 206 68 644 19.4 0.002 1208.4 376 148 685 35.4 -0.008 3436 45.4 270 355 278 -0.007 726.1 44.9 438 133 24.6 -0.004 34338 296
some firm and hard sandstone, shale and aNtl€ IS Severely expansive. - 168~ 71 9% ~ P 4
d » shallow rock has low to locally moderate . 156 ~.154 o g2 - ,181 (192 198" 199 . 208 a 213 69 644 19.6 0.008 951.8 318 149 688 13.3 0015  17665.0 24.7 271 355 245 0.002 7505 62.4 439 133 16.2 -0.004 100.0 67.6
mudstone. All compositions have very low fracture permeability. 170z 173 ~-182 o 5220 70 644 16.0 0.026 181.9 312 -
intergranular permeability except firm D L 175 174 184 190-.191 4214 21 : : : : 150 616 24.1 -0.003 363.7 4.7 272 688 27.0 0.001 5415 354 440 133 18.8 0.001 4223 215
e o it o 805 Sheared serpentinite. At |east parts are Mostly granular and rocky, much clayey V4 1837z 71 644 230 0002 4303 1216 151 616 220 0008 3793 304 273 688 266 0010 4455 343 441 133 156 0001 22180 257
sanastone, Which has low Intergranuiar Jurassicinage. Most is severely sheared (probably over gouge borders). Most mantle 185 186, 187 544‘545 215 2117 72 644 20.9 -0.008 497.2 36.3 152 616 211 -0.014 396.6 36.3 274 355 274 0.006 913.8 386 442 133 24.4 0.001 2345 26.2
ook -y l;ty' roper tlg?'lt h'asgglto serpentinite that contains abundant blocks of - | has moderate permeability, muich low to 262 267 yog 530 526,328 532 542 73 644 250 0003 13995 55.9 153 616 26.3 0014 5754 138 275 355 252 0002 18214 373 443 355 225 0004 77284 42.0
81; rg::?(te racture permeability in shallow ﬁgg ngeérilgzzggogghggd Iorzlﬁr aégcs:k \é)t(egérl]gy\\;.e Some to much mantle is 24 260 4, * 529, /{ 534 541"543 74 644 243 -0.004 560.1 532 154 685 25.7 -0.014 694.5 75.4 276 355 239 -0.002 9105 319 444 685 45.1 0.006 876.6 388
' contains silica-carbonate rock. Very low ' 261 263 269 5314 A / 227 232 216,217 75 644 20.5 0.003 5183 50.4 155 685 26.6 0.003 282.1 30.9 217 355 18.6 0.001 4106 39.0 445 375 26.1 -0.001 537.7 46.8
. e Y 257 535 1. 538 o6 - 221 3 76 644 25.1 0.016 746.9 512 156 688 30.9 -0.004 261.4 49.8 278 685 206 0024  1009.6 34.8 446 685 223 0001 32102 444
intergranular permeability, except minor . 264 266 5337536 D40 547 230222 218
moderate to highin some weathered silica: 253 259 265 = 270 2 2407224 (203 311 337 77 644 231 -0.005 12102 44.9 157 688 22.0 0.007 4508 425 279 685 26.6 -0.006 792.9 26.1 447 644 228 -0.016 559.1 43.4
b K E eability | / ~258 . 208 227 > V4205 - 316 (] 8 644 294 -0.002 586.6 41.2 158 688 1855 -0.001 298.3 19.7 280 685 20.8 0.002 1116.0 88.0 448 644 28.6 0.006 418.8 78.2
carbonate rock. Fracture permeability in 7 271 264 " - 238 +310 307 317, 338" "336
shallow rock is mostly low, some moderate, - 2N ' 229554 231 ) - 219 1218 79 644 185 -0.017 805.4 209 159 668 27.1 0.000 252.6 447 281 355 184 0017 6128 85.1 449 644 39.9 0.008 15755 643.3
some very low (in gouge borders). __#755 272 - ) 24\ ‘242 239 309 320 ¢ 321 80 644 22.7 0010 4244 22.6 160 644 253 0011  486.9 39.5 282 355 2.4 0002 7312 928 450 644 38.4 0025 2580 57.7
Zil /287 0 , 292 234 233 255 236 2 244 30‘5"306 323 332 81 644 24.0 0.001 852.8 34.1 161 644 124 -0.055 4736 33.6 283 355 21.1 0.003 486.8 85.9 451 133 38.5 -0.014 251.8 74.0
552 e N g2 278 288 o A8 s e S0 324 o - e R 82 644 260 0000 8357 12.6 162 644 23.0 0080 11230 1828 284 688 141 0001 5787 435 452 508 302 0003 1631 683
w ~ 276 2880 3 g9 2477 Zgg . > 304 - 335 83 644 20.9 -0.013 832.9 14.6 163 644 31.9 0.019 485.1 28.0 285 375 12.9 0.000 463.4 33.1 453 644 443 0015  2077.4 66.9
Table 4. Summary of debris-flow data for each geologic materials unit. See appendix for complete data. NA, not applicable. NS 285/ 376 319 307 326 & 330 84 644 12.2 -0011 12625 12.6 164 644 25.2 0.008 215.7 36.9 286 375 19.4 -0.017 567.7 223 454 508 57.9 0.001 842.3 53.7
*284 21 29 o9 / 0 > 85 644 24.8 -0.003 602.5 17.6 165 644 350 -0.005 485.4 257 287 375 245 0.019 656.8 26.4 455 644 453 0017 15047 215
— - - - - - 314 N \ 332
Hllls_de Map areal Percent Numbt_er Nurr_lber of | Mean | Median| M ean M eo!l an M ean M e_dl an Mean Median 80 328 » 329 31 166 644 30.7 0.007 4216 60.7 288 375 252 0.003 598.8 35.8 456 644 30.7 -0.029 2212.9 28.2
materials (kmP) | of total | of debris debrlsfloxzfvs travel travel gradient | gradient | contributing| contributing total total 281~ 205 375 ¢ 167 644 26.8 20,004 5320 166.4 289 375 23.4 -0.008 2883.6 191 457 644 496 0,012 8785 43.2
unit map area| flows | perkm? | distance| distance | (degrees) | (degrees) area area curvature curvature Table 5. Summary of apparent relative susceptibility to debris flows (derived from number of debris 282 204 774374 168 644 29 0.013 71655 311 290 685 25.7 0002 17851 38.0 458 644 418 0.005  1656.5 14.7
(m) (m) (m7) () (Um) (Y/m) flows’km2 in table 4) and generalized physical properties reported for geologic materials unitsin the -~ — e 169 644 220 0.001 511.2 222 201 644 201 0013 1688.0 26.3 459 644 420 0022 11055 211
All 91.3 100 531 5.8 53.4 39.1 26.2 24.6 925 579 -0.001 -0.001 study area (derived descriptionsin table 3). For example, unit 389, has low relative susceptibility to 296 ‘373 \343 340,» 170 644 327 -0.015 714.0 46.0 292 644 19.5 -0.033 2003.3 56.6 460 644 414 0.003 500.3 36.4
133 0.8 08 32 40.0 62.2 50.9 21.3 22.3 985 572 0.002 -0.001 debris flows, low soil-mantle and bedrock per meability, and high clay content and expansivity. 7297 371 357 354 \ 171 644 24.7 0.000 707.7 233 293 685 18.0 -0.001  1177.3 16.3 461 644 453 0021 11194 69.3
215 1.9 2.1 25 13.2 809 | 56.8 215 21.3 754 653 0.001 -0.001 298 299 37 > [ Van 13 39 o341 3 172 644 195 0010  300.1 470 294 644 233 0003 13426 28.7 462 644 470 0.011 836.6 286
355 28 | 53 | 20 12 446 | 370 | 221 | 229 823 819 20.003 20.002 Geologic| Apparent Raaive) Sl Mante 1 Shay ow Bctock | Soll Mantle Clay} Sl Mantie %300 30 sr WD ooy s 472 173 644 233 0002 2466 465 295 644 6.9 0003 14956 329 463 644 419 0004 29392 222
aterias Susceptibility Permeability Permeability Content Expansivity 301 . . ¢
375 1.1 1.2 6 55 40.0 32.3 20.6 21.9 823 490 -0.006 0.000 Unit 1 369 . 368 N\ \'348 25 174 644 225 0.002 340.2 58.5 296 644 14.6 -0.011 5774.3 875 464 644 355 0.020 968.2 24.1
386 12 1.4 5 4.2 674 | 527 25.0 24.9 549 654 -0.005 -0.003 389 low low Tow high high wn 302 263 \ - 175 644 164 0003 4037 37.6 297 644 185 0022 5496 189 465 644 26.9 0020 6179 69.3
389 28 31 2 0.7 34.9 NA 18.8 NA 1774 NA -0.001 NA 805 o deraie Em Tow deraie < 364 4 4 ,335"52 ’ 176 644 21.3 0.003 548.7 236 298 644 353 0.018 4555 17.1 jgs gjj ggg 8822 Igggé ggg
4 = - u B . .
530 59 37 15 3 134 354 533 519 338 917 - _ A 464 178 644 36.3 -0.003 589.9 44.4 300 644 28.9 -0.004 578.5 41.0 468 644 40.9 0.001 585.5 85.6
: : : - - : : 0.002 0.003 508 low low low-moderate high high 427 360 366 A 465 ! ; ] 469 644 395 0.002 1782 325
516 T8 TS 5 v N B 36 T 1009 =70 ! ! P ws 450 4637 255 , 469 179 644 322 0011 5053 36.9 301 644 24.0 0015 17086 321 ; ; : ;
) ) . . . . . 0.015 0.009 386 low low low high high A42 5 . 49 458,_459 467.(.468 = 470 180 644 24.7 0.014 191.2 58.3 302 644 30.1 0.008 363.1 318 470 644 40.0 0.002 308.1 759
635 2.4 2.6 5 2.1 79.8 59.5 22.5 21.0 1448 786 0.009 -0.003 355 low moderate moderate low moderate 2 448y 447 N 181 644 23.7 -0.006 4921 28.4 303 644 28.8 -0.001 520.4 29.1 471 644 427 0.006 842.3 75.2
644 53.2 58.3 362 6.8 49.1 37.2 28.2 27.0 800 535 -0.002 -0.001 616 Tow moderaie Tow low low-moderate cb2w v 090 182 644 229 0.012 493.9 493 304 644 176 0.021 218.6 317 472 644 36.4 0.003 6185 103.0
685 2.6 2.9 21 8.1 63.7 61.2 219 22.8 2329 802 0.000 0.001 688 low low low-moderate high moderate-high 455, 456 o 47\8 A79 183 644 25.6 0.008 404.3 34.7 305 644 23.6 0.001 555.2 441 473 644 41.0 0000 13131 48.2
688 3.1 3.4 15 4.8 75.4 49.7 18.8 17.2 1142 1037 -0.003 -0.001 532 low low low-moderate high high ¢ 457 o \476 184 644 274 -0.003 246.7 49.9 306 644 17.3 0.000 1468.2 28.4 474 644 439 -0.046 2591.6 30.8
805 12 13 1 08 NA NA NA NA NA NA NA NA 375 moderate moderate Tow Tow Tow 452 475.\\_ 185 644 277 0001 5156 30.9 307 644 231 0007 6596 329 475 644 48.2 0026 3311 36.0
253, 612, 623, 5.3 5.7 0 0 NA NA NA NA NA NA NA NA 644 moderaie low low high low-moderaie . 33 186 644 24.8 0.008 216.7 38.4 308 644 218 0.004 1345.1 39.1 476 644 472 -0.005 961.7 22.3
water, Holocene and - - 187 644 29.3 -0.002 7427 40.3 309 644 20.2 -0.011 1440.2 27.1 477 644 12.1 -0.001 599.0 215
685 moderate low low high high . 7 .
late Pleistocene : SCALE 1:12,000 -~ 188 644 194 0004 9096 255 310 644 147 0063 1698 316 478 644 165 0013 41487 38.0
alluvium, undivided 215 high moderate low-moderate low moderate 451 < ‘o 189 644 26.7 0021 4795 33.2 311 644 216 0014 2186 69.0 479 644 233 -0.008 330.4 95.3
ey depasits 133 high low low-moderate high high 05 0 05 1KM - 455> 453 4480 481 190 644 167 0031 5027 210 312 644 259 0005 5713 330 480 644 269 0021 7064 843
v ep = —— — : : 191 644 183 0014 5925 17.9 313 644 237 0002 17063 345 481 644 25.2 -0.040 10845 37.0
05 0 05 1Ml 482 192 644 25.6 -0.003 22286 216 314 644 20.3 -0.006 400.7 30.0 482 644 214 -0.003 510.1 1487
= _ - ; ‘ 193 644 15.0 0.002 131.2 42.8 316 644 245 0.004 526.9 18.3 483 644 10.7 0.020 17283 58.5
| | 194 644 21.7 0.036 72715 36.1 317 644 234 -0.012 240.9 43.8 484 644 25.0 -0.003 874.2 38.7
195 644 20.4 -0.018 3616.6 18.7 318 644 17.2 -0.014 880.8 59.2 485 508 20.5 0.051 2260.4 38.6
525 483 196 644 18.3 -0.006 1958.9 59.0 319 644 29.5 -0.014 588.0 60.7 486 508 18.3 -0.008 1367.3 32.3
37°3500" —+— 524, / \ 197 644 24.6 -0.015 158.5 39.5 320 644 35.8 -0.001 2755 223 487 644 22.1 0.000 274.9 17.0
122°0000" 7 523 487 480, (0 121°55'00" 198 644 25.9 0002 2559 165 321 644 276 0002 4167 54.1 488 644 34.7 0003 464.4 238
( 3 ( —]- 37°35'00" 199 644 14.8 0.009 4136 345 322 644 213 -0.001 496.2 236 489 644 121 0.004 355.5 25.6
521 486
522 485” , a8 200 644 21.3 0.005 594.9 22.2 323 644 384 -0.018 2345 34.3 490 644 37.3 0.072 524.1 38.9
Table 6. Rain gage and rainfall data from ALERT gages relevant to the February 2-3 storm. Gages are part of the National Weather Service ALERT gage network described by Wilson gg; gjj ig; 88(1% 125?; ES‘;’ ggg gjj gi? gggg g?g? gég jg; ggg ggi 8833 igg; ggg
(1997) and all are of tipping-bucket type. Gage location, mean annual rainfall, hourly rainfall data, maximum rainfall, and time of maximum rainfall (in 10-minute increments) P ,484 203 644 24.6 0'007 427'3 41'8 3% 614 23'4 0'004 444‘9 26.0 493 386 35'5 _0'001 717'4 28.2
provided by Andreas Godfrey of the Alameda County Public Works Agency. Estimates of recurrenceintervals are based on Rantz (1971a, 1971b). *, exceeds debris-flow triggering .500 204 644 22'4 :0'011 469.7 36.0 327 644 18.1 :0'040 2572.8 36.6 494 389 31'1 _0'001 540'5 63.2
threshold of Cannon (1988), appliesto 6-, 12-, 18-, and 24-hour durationsonly; ~, exceeds threshold of Wilson and Jayko (1997), appliesto 6- and 24-hour durationsonly; GM, gage /494 205 644 379 0.007 3826 317 38 614 06 0059 1624 11.0 495 644 334 0.012 5150 120.7
malfunctioned; NA, Data not available. Seefigure 17 for diagram of cumulative storm rainfall. 206 ea4 27'4 0'025 _9999'0 50.6 329 644 4'5 _0'017 6704.6 19'2 496 644 29'5 0'004 410.8 97'4
495 : : : : : - . . . . . .
Gage | Mean annua Elevation L atitude/ Cumulative Approximate | Approximate Cumulative Normalized M aximum Time of 1-hour Gage | 6-hour rainfal [ 6-hour rainfall M aximum Time of Rainfall 12-hour 12-hour rainfall Maximum | Time of Rainfall Gage | 18-hour rainfall | 18-hour rainfall M aximum Time of Rainfall 24-hour 24-hour rainfall M aximum Time of Rainfall 492 Z 496 207 644 20.6 0.002 796.9 28.8 330 644 216 -0.006 216.8 69.0 jg; gjj 2‘11123 8812 gégi g?;
precipitation (ft/m) Longitude | rainfall from | start of end of rainfal from | stormrainfal | rainfall maximum rainfall total measured | recurrence interval rainfal during | maximum recurrence rainfall total recurrence rainfall maximum recurrence total measured | recurrence rainfall during | maximum recurrence rainfall total recurrence rainfall maximum recurrence 77491 p 499 208 644 19.7 -0.002 171.8 95.6 331 644 24.7 0.010 636.1 36.3 g WU : :
(in/mm) January 1 - February 2-3 February 2-3 February 2-3 | (cumulative during a rainfall for recurrence from the exceeded by previous | any 6-hour rainfall for interval measured interval exceeded | during a rainfall for interval from the interval exceeded | an 18-hour rainfall for interval measured interval exceeded | during a rainfall for interval 493 ,497 ‘ 209 644 10.6 -0.010 1775 79.9 332 644 28.8 -0.012 1877.0 33.9 499 508 36.3 0.000 1127.2 84.4
February 1 storm storm storm rainfall/ 1-hour 1-hour period | interval beginning of column period 6-hour period | exceeded by from the by previous 12-hour 12-hour exceeded by beginning of the | by previous period 18-hour period | exceeded by from the by previous 24-hour 24-hour exceeded by 210 644 6.1 -0.001 100.0 107.1 333 644 34.7 0.004 750.3 100.6 500 508 32.0 0.003 2435 29.8
1998 (in/mm) | (date, time) (date, time) (in/mm) mean annuél period (date, time) exceeded the storm (2, 5, 10, 25, (in/mm) (date, time) maximum beginning of | column period period maximum storm column (in/mm) (date/time) maximum beginning of | column period period maximum ,498 334 644 35.2 -0.006 4957 107.4 501 644 26.4 -0.035 4189 38.9
precipitation) (in/mm) (2, 5, 10, 25, (in/mm) 50, or 100 years) 6-hour period the storm (2, 5,10, 25,50, | (in/mm) (date, time) 12-hour period (in/mm) (2, 5, 10, 25, 50, 18-hour period | the storm (2,5, 10, 25,50, | (in/mm) (date/time) 24-hour period 520 501 335 644 35.5 -0.006 1269.7 17.3 502 644 38.3 0.000 561.1 50.6
50, or 100 rainfall (in/mm) or 100 years) rainfall or 100 years) rainfall (in/mm) or 100 years) rainfall : , 1002 336 644 327 0005 19147 211 503 532 325 0.002 728.9 26.4
years) (2,5, 10, 25, (2,5, 10, 25, (2, 5, 10, 25, (2,5, 10, 25, Jo ., 337 644 285 -0.020 523.6 215.8 504 532 49.3 -0.004 962.0 37.8
50, or 100 50, or 100 50, or 100 50, or 100 e 338 644 339 -0.029 1368.1 171.6 505 532 49.1 -0.029 338.9 214
years) years) years) years) 339 644 172 -0.008 846.0 37.7 506 532 46.4 -0.001 341.6 36.6
1930 27/686 980/298.7 37 18 N/ GM GM GM GM GM GM GM GM 1930 GM GM GM GM GM GM GM GM GM GM 1930 GM GM GM GM GM GM GM GM GM GM 340 644 424 -0.006 4815 63.1 507 386 19.8 0.018 1785.8 46.8
12203 W 341 644 436 0006 5326 527 508 386 16.2 0003 19156 30.2
1932 24/610 575/175.3 37 43N/ 10.38/264 2/2, 04:00 2/3, 10:00 4.64/118 0.19 0.79/20 2/2, 10 1932 0.62/16 <2 2.21/56 2/2-2/3, 10 1.56/40 <2 2.88/73 2/2-2/3, 5 1932 2.30/58 2 3.59/91 2/2-2/3, 10 4.09/104 10 4.14/105" 2/2-2/3, 10 342 644 394 0.002 463.6 36.7 509 386 35.7 -0.012 240.4 26.2
1934 25/635 1010/307.8 3743N/ 8.78/223 2/2, 04:00 2/3, 10:00 3.58/91 0.14 0.71/18 2/2-2/3, 5 1934 0.39/10 <2 1.77/45 2/2-2/3, 2 1.28/33 <2 2.52/64 2/2-2/3, 2 1934 1.75/44 <2 2.96/75 2/2-2/3, 5 3.27/83 2 3.31/84 2/2-2/3, 2 : : : :
344 644 38.8 0.002 341.3 285 511 532 20.6 0.003 3413 274
122 01 W 23:00-00:00 19:40-01:40 13:10-01:10 09:00-03:00 02:40-02:40 5 644 20.4 20,008 4125 139 512 532 211 0.002 5111 24.9
1936 21/533 100/30.5 37 41 N/ 8.74/222 2/2, 05:00 2/3, 10:00 4.21/107 0.20 0.67/17 2/2, 5 1936 0.43/11 <2 1.97/50 2/2-2/3, 5 1.29/33 <2 2.04/52 2/2-2/3, 2 1936 2.54/65 5 3.55/90 2/2-2/3, 10 3.82/97 10 3.62/92 2/2-2/3, 10 ' ‘ ' ' i ' ' '
. . 346 644 294 -0.025 522.1 43.2 513 532 194 0.002 1097.0 29.2
122 05 W 22:50-23:50 19:50-01:50 13:10-01:10 09:00-03:00 03:00-03:00 347 644 2.6 20,036 406.9 196.6 514 532 21.9 0.001 24966.4 643
1938 22/559 710/216.4 37 37 N/ GM GM GM GM GM GM GM GM 1938 GM GM GM GM GM GM GM GM GM GM 1938 GM GM GM GM GM GM GM GM GM GM 8 644 400 0,012 3033 1741 515 532 954 0.000 8455 746
12200 W 516 532 27.1 0.023 755.0 60.5
1940 18/457 60183 | 3734N/ | 6.98/177 212, 03:00 2/3, 10:00 37419 0.21 0.87/22 2/2-273, 25 1940 02717 2 181/46 202-23, 10 0.94/24 <2 2.36/60 202-23, 5 1940 13334 2 30176 202-23, 10 3.28/83 10 32382 202-273, 10 516 = 349 644 3.2 ooi7 2543 304 : : ' '
12150 W 23:20-00:20 21:10-03:10 12:30-00:30 09:00-03:00 08:50-08:50 B 350 644 825 0000 2767 35.4 oy S s Uy Lilees 1253
1942 21/533 1580/481.6 | 37 31N/ NA 2/2, 06:00 2/3,10:00 2.26/57 0.11 0.71/18 2/3, 5 1942 0.39/10 <2 1.26/32 2/2-2/3, <2 0.78/20 <2 1.42/36 2/3,19:50- <2 1942 1.09/28 <2 1.60/41 2/3-213, <2 2.07/53 <2 2.08/53 2/3-2/3, <2 ALAMEDA 51T 351 644 37.6 0.007 460.4 379 o18 532 221 0.000 1235 395
12253 W 00:10-01:10 21:20-03:20 07:50 17:00-10:00 03:20-03:20 COUNTY s' 352 644 36.6 -0.001 325.8 12.6 519 389 24.1 0.006 2933.4 739
1950 18/457 10/3.0 37 42N NA 212, 05:00 213, 9:00 3.51/89 0.20 0.43/11 212, <2 1950 0.55/14 <2 1.62/41 202-2/3, 5 1.25/32 <2 2.21/56 202-213, 5 1950 2.34/59 5 28171 202-213, 10 3.24/83" 10 3.27/83" 202-213, 10 508—== 353 644 336 0035 1459 34.6 2 s 22 e Jed
12212 W 13:20-14:20 20:50-02:50 13:00-01:00 09:00-03:00 04:30-04:30 STUDY AREA 505 518 5L 354 644 301 0007 2221 8.3 S21 508 192 0011 2444.1 61.2
2102 18/457 10/3.0 37 35N/ 6.01/153 2/2, 05:00 2/3,10:00 4.21/107 0.23 0.89/23 2/2, 50 2102 0.35/9 <2 2.34/59" A 2/2-2/3, 100 1.05/27 <2 3.01/76* 2/2-213, 50 2102 2.00/56 5 3.51/89% 212-2/3 o5 3741951 50 3.88/99°A 212213 o5 503 ~_oog J517 509 355 644 306 -0.013 442.4 75 522 508 24.4 0.003 558.5 66.8
12205 W 22:50-23:50 20:50-02:50 13:20-01:20 10:00-04:00 09:00-09:00 J o - 357 644 365 0015 6294 1838 523 508 228 0001 7946 4.7
2104 18/457 60/18.3 3739N 8.35/212 2/2, 05:00 2/3, 10:00 4.68/119 0.26 0.89/23 212, 50 2104 0.43/11 <2 2.44/62* 1 2/2-2/3, 100 1.36/35 <2 3.27/83* 2/2-2/3, 100 2104 2.73/69 5 3.82/97* 2/2-2/3, 50 4.17/106*" 50 4.22/107*N 2/2-2/3, 50 MAP LOCATION 507 358 644 35.9 0.009 7724 105 524 508 228 0005 11189 67.1
122 06 W 22:40-23:40 20:40-2:40 13:10-01:10 09:00-03:00 02:50-02:50 359 644 26.4 -0.008 575.2 825 525 635 209 0.018 801.9 87.0
2110 18/457 25/7.6 37 41 N/ 8.54/217 2/2 05:00 2/3, 10:00 3.86/98 0.21 0.63/16 2/2, 5 2110 0.47/12 <2 1.97/50* 2/2-2/3, 10 1.21/31 <2 2.60/66 2/2-2/3, 2 2110 2.30/58 5 3.12/79 2/2-2/3, 10 3.47/88 10 3.61/92* A 2/2-2/3, 10 360 644 28.3 -0.015 171.1 441 526 644 6.7 -0.009 2911 29.9
122 08 W 22:40-23:40 19:30-01:30 13:10-01:10 09:00-03:00 03:00-03:00 361 644 274 0.019 902.3 46.1 528 644 25.2 0.017 2302.7 144.8
362 644 24.2 -0.002 571.3 41.2 529 644 234 0.004 518.2 82.5
363 644 41.7 0.027 270.8 32.2 530 644 25.6 -0.014 409.9 56.6
364 644 234 -0.018 657.3 148.1 531 644 22.5 -0.010 522.6 78.7
365 644 16.8 -0.007 762.1 50.2 532 644 22.7 -0.014 1209.5 42.6
SCALE 1:24,000 366 644 234 0007 3574 136.0 533 644 138 0001 5706 26.2
’ 367 644 19.8 -0.015 932.5 913 534 644 218 -0.006 852.2 40.2
368 644 13.2 -0.007 2467.4 32.4 535 644 20.9 -0.006 4612.7 35.8
1 0 1 2 KM 369 644 257 -0.001 404.0 64.1 536 644 28.2 0012 10365 344
- . . . . * } 370 644 234 -0.021 507.5 34.4 537 644 21.3 -0.034 403.1 29.7
Table 7. Quantitative comparison of cumulative and hourly rainfall data from ALERT gagesand NEXRAD. RM SE, root mean squared errors, SE, syssemmatic errors. 371 644 390 0,029 10285 21.9 538 644 213 0.002 572.6 385
1 0 1 2 Ml ' ' ' ' ' ' ' '
C lative Rainfall 1 S— 372 644 18.1 -0.006 949.4 29.4 539 644 24.1 -0.001 1797.7 54.3
umulative Rain = P e 121'55'00 373 644 8.8 0.004 196.7 325 540 644 15.2 -0.010 638.8 148.7
NEXRAD Time: 1/31/98, 4:10 - 2/3/98, 17:46 GMT NEXRAD time: 2/3/98, 5:00-6:00 GMT NEXRAD Time: 2/3/98, 8:06-9:06 GMT 37°32'30" 374 644 254 -0.013 1673.2 13.1 541 644 14.7 0.008 1789.0 210.9
Gage Time: 1/30/98, 20:00 - 2/3/98, 10:00 PST Gage Time: 2/2/98, 21:00-22:00 PST Gage Time: 2/3/98, 0:00-1:00 PST 375 644 26.9 0010 12672 318 542 644 15.1 -0.026 20005 100.1
Location Rainfall measured Rai nfa_\ll measured Difference between Location Rainfall measured Rainfall measured Difference between Location Rainfall measured Rainfall measured Difference between 376 644 27.0 0.003 307.6 34.8 543 644 15.0 -0.003 996.7 48.4
by NEXRAD By rain gage gage and NEXRAD By NEXRAD by rain gage NEXRAD and gage By NEXRAD by rain gage NEXRAD and gage Ref Cited 377 215 19.6 -0.002 392.1 19.2 544 644 16.1 0.008 754.1 327
(in., mm) (in., mm) rainfall (in., mm) (in., mm) (in., mm) rainfal (in., mm) (in., mm) (in., mm) rainfall (in., mm) erences Cit 378 215 24.7 -0.020 430.0 32.5 545 644 17.4 0.019 1920.6 1285
1932 5.0, 127 6.16, 156 -1.16, -29 1932 0.30, 8 047,12 -0.17, -4 1932 0.20,5 0.28, 7 -0.08, -2 379 215 277 -0.001 317.1 28.9 546 644 17.1 -0.010 588.5 98.2
1934 4.0,102 3.90, 99 +0.10, +3 1934 0.30, 8 0.20, 5 +0.10, +3 1934 0.30, 8 0.19, 5 +0.11, +3 Akizuki, D., 1998, Raceis on to dig out, get ready, Alameda County damage estimate now $4.1 Dikau, R., 1989, The application of adigital relief model to landform analysis in geomorphology, in Leetmaa, A., and Higgins, W.R., 1998, El Nifio 1997/98, forecasting Californiarainfall: EOS, Reneau, S.L., and Dietrich, W.E., 1987, The importance of hollows in debris flow studies; Wieczorek, G.F., Mandrone, G., and DeCola, L., 1997, The influence of hillslope shape on debris- 380 215 42.0 0.000 284.0 22.0 547 644 15.2 -0.011 2137.3 43.6
1936 5.0, 127 4,56, 116 +0.44, +11 1936 0.30, 8 0.51, 13 021, -5 1936 0.30, 8 0.20, 5 +0.10, +3 million: San Jose Mercury News, February 5, 1998, p. 1B. Raper, J., ed., Three Dimensional Application in Geographic Information Systems: Taylor and Transactions of the American Geophysical Union, v. 79, no. 45, p. 265. examples from Marin County, California, in Costa, J.E. and Wieczorek, G.F,, eds, Debris flow initiation, in Chen, C., ed., Debris-flow hazards mitigation—M echanics, Prediction, and 548 644 204 -0.006 1112.4 49.7
1940 3.0, 76 4.13, 105 -1.13, -29 1940 0.40, 10 0.23, 6 +0.17, +4 1940 0.00,0 0.39, 10 -0.39, -10 Akizuki, D., and Dinkelspiel, F. 1998, Slide rules when it comes to hillside homes, East Bay city Francis, p. 51-77. Lienkaemper, J.J., and Gorchardt, G., 1996, Holocene slip rate of the Hayward fault at Union City, flows/avalanches—process, recognition, and mitigation: Geologica Society of America, Assessment: Proceedings of the First International Conference, San Francisco, American 549 644 23.3 0.005 344.0 88.3
1942 4.0, 102 >2.46, >62 ~+1.54, ~+40 1942 0.60, 15 0.04, 1 +0.56, +14 1942 0.70, 18 0.16, 4 +0.54, +14 officials decide when residents—and their houses—can stay, Fremont families allowed to Ellen, S.D., Cannon, S.H., Reneau, S.L., 1988, Distribution of debris flowsin Marin County, in Cadlifornia: Journal of Geophysical Research, v. 101, no. 3, p. 6,099-6,108. Reviews in Engineering Geology, V. 7, p. 165-180. Society of Civil Engineers, New York, p. 21-31. 550 644 17.2 0.001 1037.2 253
1950 5.0, 127 4.13, 105 +0.87, +22 1950 0.20, 5 027, 7 -0.07, -2 1950 0.40, 10 012, 3 +0.28, +7 return to Niles Canyon homes—for now: San Jose Mercury News, February 11, 1998, p. 1B. Ellen, S.D., and Wieczorek, G.F,, eds., Landslides, floods, and marine effects of the storm of Monteverdi, J., and Null, J., 1997, El Nifio and California precipitation: National Oceanic and Richards, G., 1997, El Nifio gives commuters on Highway 17 reason to fret, for now, state plansto Wieczorek, G.F.,, and Sarmiento, J., 1988, Rainfall, piezometric levels, and debris flows near La 551 685 128 -0.004 141135 150.9
2102 30, 76 453, 115 -153, -39 2102 0.25, 6 0.39,10 -0.14, -4 2102 0.30, 8 020, 5 +0.10, +3 Aratani, L., 1998, Wind, heavy rain sweep across Bay Area, 18,000 lose power, some roads closed January 3-5, 1982, in the San Francisco Bay region, California. U.S. Geological Survey Atmospheric Administration, Western Region Technical Attachment No. 97-37, 23 p. ‘winterize' summit: San Jose Mercury News, October 6, 1997, p. 1B. Honda, California, in storms between 1975 and 1983, in Ellen, S.D., and Wieczorek, G.F.,
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